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Abstract 

The preview eootrol probleo la foraulated in a general fora and it# 
solution is obtained. The analytical tool used is discrete stoehastlo 
optimal control theory, Alntng the application to aanual control sit- 
uations with preview, tine delay, observation noise, ootor noise, ete* 
were included in foraulating the probleo* 

Some manual preview control experiaents have been performed to 
qualitatively check the validity of the oodel, and it vao found that the 
mechanism of the manual control problem wee explained by the developed 
nodal pretty well* ( 


Wbrk aupported pertially by flASA under Grait gCR-22-009-002, and 
partially by M.X*T, Endowed Fellowthip* 
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1. Introdtiction 

tn this paper, the preview control probloa, in ahielt information 
abort future inputs and disturbancss is ustd ns wsli as the praaent and 
past iofoiaatien in deciding central, is cenaidarad* It is reaaonabla 
to aspset that wa can achitvo batter parfoimanca ia aoaa asMe in the 
east when we know about the future eempamd to the coat* trhan wa have no 
i«*aa about the future. Such eases inaludat 

1} Car driving 

2) Aicplana landing 

3) Control of vehlala auaponaiea 

4) Procoas control preblona 

3> Beaneale or industrial prdblaaa ate* 

Above 1) and 2) era ralatad to aanual eontrol or aan-asehSno tystaaa. 
It ia our objaetlva to davalep the ganaral theory of tho praview problem 
using opeiaal ocncrol thaoiy, and to apply it to aaawal eontrol probloaa, 

t^veral worktireleted to preview eontrol have boan publlahad , 
alraacy, Sharidai proposed throe aodala of preview enr.tiol* Bandar^ 
aolvat a elaas of praviow control preblaaa using ttieaar filter theory 
and a paraaatar aaareh, and.appllsd it to the detign of vehiele nnapen- 
•iong, Hayaae and Ichikawa*’ treated the problea fren the viewpoint of 
datecainiitie eontrol theory and obtained a suboptiael eentvel, Hswover, 
the matual preview control problem le iiaiially vary eonplieatad boeauae 
of reaction tiaa, rannant, ate,, and ia difficult to nalyse using the 
idMvn resulta. 

The anelyeia of the aanoal centrel oreblea aoSag optimal control 
theory hea bean dona by several people^ , Among glmet, the moat 
aueeaaiful work has baaci dona by Klalnman, Baron and Laviaon^, and aoaa 
of their ideas are uaad in this paper. Bo far, hew n wnr, this kind of 
analysis has bean don# only for tho eonponsatery and parauit tracking 
problem. Xn thie paper, it le extended to the pioviaiw traekSng problem. 

In Che next eeetion, tho feraolatien of the praview eontrol preblaa 
is given. This ia aelvod ia Section I'X, Boetion XV doaeriboo the 
amual praview cent \ el exptrinent per formed to qualitetivrly eveluate 
the validity of tho prepoood nodoX, and the data from the axpariaant are 
analytad in Beet ion V, Coneiuaione mid vhat should be don# in the future 
work ate stated in Baetlon VX* 


Let m eenaider the aituation in Fig, 2-1, Ub have a plant to which 
wa can apt>ly centrel u(t),. The pleat Bight meet aoae diaturbance or 
neiaa v(t), and wa can aaaaura y(t) by a aeneor with a aaasiKteaant time 
delay T and observation noise v<t). Wa weu;*d like to eontrol the plant 
ao that thu output y(t) of the ayetaa follows ths dosirsd trsjuctory y^(t) 
(Fig, 2-2) as close as possibls with a raaaoiobia amount of control ° 
over tho ties interval from t < t < t^. 
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Dcpftndlnf, on dic ru'tot^tc of a priori infonaotlon w« hAva about y^(t)« 
VC can divide ch« probicn In throa cosaa* 

Caaa X, CcRipltta knowledgo about y^<t)« ^ 

Caaa ?. Staclatict or aosi's eharaecarlaties of y^(t) la knowoi 
Casa 3* Nothing la known . 

la optimal control eamlnology, Caaa 1 la callad tha tracking 
problan* tn Caaa 3, oaaauring y^(t) la dafiaitaly aaeaaaary. Xn Caaa 
2» oaaaurlng yj(t) Is not nacasarry, but If It can ba dona tha quality 
of control will ineraqsa. Usually only y 4 <t) la Bwaaurad or glvan at 
tloa t; howavar> in our problan y^Cx) la Saaaurad or glvan for 
e < T < t'»'t^^ at tlma t (Saa Fig. 2-2). This la tha praviav problaa. 

In our caast It la further asaumod Chau tha naaauranant of y^(t) has a 
oaaauranant tins delay t . and obaarvation nolaa v.. to thla%apar a 
priori Inforaatlon on y^vt) la In tha fem of Caa8 2 and It la ttodaXad 
aa a tine correclated siro moan random proeaaa. 

It la our objaetive to atudy how can uao tha loforBatlon about 
future moat affactlvaly. In tha following, tho provlow preblos la 
foreulatad aa an optimal control problem. What va want to docldo la 
in Fig. 2-3. 

Xn thia paper, tha problam io fonwlatad In diaerata fashion and, 
noiaaa ara^all aaaumad to bo Gaussian and whits. Bafeta going Into tha 
mathematical formulation, baale aymbola ara list ad. <Xf not faadliar 
with diaerata ayataoa, aao Bryson and Ko^.) 

^ maana . la a vector or a matrix 

Subaeript 1 danotas time 

El*) means the axpactatlon of « 
w 

R danotas k- diflHmaloaal Buclldoan space 

1# 

(- t R is shorthand for saying i la a k-dlaanaicnal voetor'*) 

la tha Dirac delta fwiction (^Ij * J egbofwiaa^ 

Suparaerlpt T danotas tha tranaposa of a vector or a Mtrix 

A lot of control probleae with preview can ba foianilated in the 
following form, although more ganerel foroKtlatione are poeelble. 

First, tha syatam to ba eonaidarad le given by tho feUowiag 
dlffarenca aquation. 
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where and Oi’^n), (n»n) and (nxr) matrleat, reapaetlvaly, 

• Ely^J • 0, da la a naaiuncaant time daisy, da > 0, 
Bls^J ■ -di..., 0)t, 5fj » 0, BljjjfJj • > 0, 

8((JSk-8k><4“5t>’l • Sxxfc.i -d«. .... 0» «d t • .... 0)t, 


Exx.,1 * ®* • ***'li^> • • 2,<k» -d* 0)t. 

This •yetao baa to ha eentroUad so that its output ean fellow tha 
doeirod trajectory, which la medallad so tha output of tha following 
shaping filtar, running tlma atepa ahaad (h. danotaa tha aaiount 
of look ahaad availabla). 

2Ul,l • l«i ♦ £,1 8,4 0-3) 

*dt "Siifidi O-d) 


L • L <tubaaript a danotaa tha ahaping filtar) ate 

^i ^i *i 

<tn), (tna) and (tar) oatrieaa raapaetivoly, Li - t* 

^^i “^1 

and ” ^d^^lj* ^d^« ^ i# it le aaauaed that the 

following naaturtaaeta ara poaalbla* 

UiW-Wl-dbdt 

db ia anothar naaautement tiaa daisy, 

Consaquantly, tha following are given, B(v. (£)) • 0, B(v. (k)^<£>) 


■ •••• “u* •••* “ta^* > 0 for k • I, 

> 0 for k d £, 


• <k • -db B • -db 8j^), > 0, <k),J ) 

x»£ Tt,£ i j 

fHiaVe have to W^deylpod/iocauat of a deliqf. 
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. Uv, (k)x'‘. ) - ) • 0(k • ). 

■“i ~'-i 

;il»o le i» »3:.'.r.«d that * 

- ElVjvJ^(n)l - Cl£k5^^J ■ K(*ic2dj> • " 

Elv^xJ J • 0 (k • -da, •• * , 0, ; I • •«#>,.♦. • 

The objective Is to find a control policy u, , which mlnl^^ses 

J - El ^ (^Sh - - M«> 

Ml T 

♦ ? i «£l5, - 2‘ l>\ <^5i * ^ ’ 

1«0 

%itiere > 0. 0 end E( • ) is the expeetetlon token wet ell nadetlylng 

randoo quantities. Several remarks should be made at this point. 

Remerk 2-1: :Jot« tie difference between the preview control problea 

formulated here and the stochastic tracking problen* In case of 
stochastic tracking problem the *s in (2-6) are aJi determlnla^g^iy . 

given a priori from 1*0 to 1»S while the syeten has the driving noise end 
the observation noise. In case of the preview problea, however, the 
information about tha '• la gJven by tha noJja-cornietad aeaaureatnt 

(2-5) and uaually Tharafore, the preview control problM le more 

difficult than the tracking problem, and the following relation holdet 
Pravlew Control Problem D Stocheetle Tracking ProbUa. 

RaMrk 2-2: There are time delaya de and db la naeaurement equatiene 

(2-2) and (2-5) respactlvaly ,. and In case of manual control problama 
those reepreaenc the tine delay of tha human eontroUer. 

Remark 2-3: Although the problem le formulated in dlaerete faahion# It 

cm be a good-approximation to tha eontinuoiia problea If 

la made small\ And actually tha manual previw ccowl 

pape- Is not all dlacreca, and tha nodal should be taken ai the diecreta 

approximation. 

III. Solution o f the Preview Co ntrol Problem 


In thi. M.etlon, th« pt«vl«w ceat.ol pteblra 1. E****J!“^. *“*•***• 
«,ulv»lent r.qul*tor probl«m. Th« clM Mlutl^ c« b« Wily ebtalaad 

by d namic prorracnlng. 
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«h.r. Ar'. 

Pot db-0, sot y^^, tj*- and J^*- Putthotmto, If 0, 

*** -*t‘ ^<>r V’ *•! ^<>1" ^n' "*** *•**" •»•**•**«• 

Aseassary to gat a solution can bo all dafinad fro* tha qumltlaa givaa 
la tha pravioua section o Ona further aanuoption to ba sada la Vj > 0 

»»«» Ei?d'»dj’> - »!««• 

(3-1), (3-2), (3*3) and (3-4) can ba coablnad into tha following. 


liiOl 








Pl»l ♦»! 


- U.4,,. Wj>0. E( 1 . y 4,^. 5t>0. B( »j»J )-B( ) 

T 

1*0 are all available iron tha quantitiaa given eo far. 
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0-X7) 

(3-18) 

(3-19) 


Noting th« forms of X* V# V ote«» after a lot of iMnupulation 
(3*U)-0*19) can be shown to be equivalent to Che following set of 
equations. 

sT--is.i i.il f^'‘l »•“> 

.-^|1 

Where 

&i • < Ii II *► lx > ^ li Ixxi4»i i± ' (3-21) 

Sdi * ^ ^ Si ^ ^ II 5 n4i^ 1 Sdi (3*22) 

with • 

§xiti ■ Sj 4i **’ ftcxi • &acN ■ &oqi (3«23) 

!ic«i4si" - Ixxi^x II ( ij §xxm Ii ♦ Bi > Swii+i<3*2^) 

§*dl ■ 5i Sdi ” &di * §xd|| **&d)| (3^5) 

k < TI Sxxm £l ♦ Si &cdi4l<«^> 

Iddi • idi Hddi.^x ^1 ^ ^<*1 • * S^H 

-**<*1+1 “ ^<*1+1 ^ ^ &«i+l ^1 Si ^ ^ &cdiq,i^5-28) 

2^1^ can be found from 2*|^ which eaCieflee 

Silt ‘ siit-i ♦ &i < «4 - £•» > . 8i|o • s; «•*« 

Sin|i-4 iSi|t*«% 
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Li - &xl Si 
Stxi.1 - Si &xi 4i’ ♦ Hi O-M) 

B »1 ■ »ck 1 - &xi Si < Si’ &*i Si ♦ 2 i )‘V Sdi < 3 *M) 

£oce I Slvm 



9. CM b. Co«b 4 (tea 9.' vblGh •ael. tu. 

•‘lit ^i|l 

ililt - Siiii-i ♦ &; < 5 ii - aj &i|i.i >• ite.o • &; 
^i«|i “ M Jti|i 
Sdi * £oi>i Sii Sdi^ 

Sddi.x * >^i Sddi St^ ^ Hdi 

£ddi - Sddi ~ Bddi Sdi < Sdi &«i S<>t * Sit >'^SdI Sddi 


fdd* t tivn 

Q 



Tlie fellowlag remarks are appropriate here. 

» 


(3-36) 

(3-35) 

(3-36) 

(3-37) 

(3-38) 
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Ko'^rk 3-1: (3-20) - (3-2b) show tliat Che control gains do not dspsnd 

on tne ci cs dt:lay. The etiClaacora and howsvsr» art affaetad 

by the tirte delay. 

Remark 3-2: and in (3-27) and (3-20) do net have to ba caleulatad 

in deciding the closed loop structure. However they ere useful in getting 
Che average coat • 

Remark 3-3: Transition froa (3-15), (3-18) and (3-19) to (3-29)-<3-38) 

al.ows that the Kaloan filter for (3-8) and (3-9) can be separeted Into 
two; one for the systen given by (3-1) and (3-2) and the other for the 
desired craicccory given by 0-3) and (3-4). This "separaeloo'* property 
foil oua fron the fact that the atochastie quant it lai ia (3-1) end (3-2) 
are uncorrelaCed from chose in (3-3) and 0-4)# 

In many cases including ths manual previaw control expariaeat In 
this paper, we are interested in the steady state behaviour of Cha previev 
control system, .'laaely, 9., W., V., 9 ... are all tine invariant, 

and In this case, the CMt fmccxon to be looked et ia 

j - E ( 4* j- a* R a J 

■ R I z <£* a • yd a <£* 4 ■ Td > * I a* i a > 

For thia problan, the control galae can ba deterainad ones tha ataady 
state solution of (3-23) - (3-26) are obteined# Also the Raloan filter 
gains are detervlned by the steady atate solution of (3-32), (3-33), 

(3-37) and (3-38). ttoraover, in this eaaa the filter equeeione e«i be 
sMiplified giving a sore underacendable fora# The filter for the atate 
of the eyecen becooMS the series eonneetion of the Kelnen filter for the 
delayed state and the predictor for based on » 

^-d#|l * ^•da|l-l * E» < li " £^ ^.4a|l-t^ (3-40) 

^-d##l 1 1 *4 t ♦ £ (3-41) 


2» ijotai 


Sxx" £Saa*^* E 

?*«• !x]i'8xx£ ( 5*i£*i S* 
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^|i ‘ ^|1-1 + £* ( ai - £* >• 

“ ^li-i * ( it-d#|l * ^ (3*45) 

^♦X|1 • i8i|i + £ isj (3^) 

' tc can ba shown that (3-40) - (3-46) repreaant the dleerete veraion 
of Che eetiaator for x derived by RUlnnen^ for the eontiniiovs eaee. 

The sene tning can be done for the filter for the desired trkjoctory. 

♦ 8d (Sd - fid* idi-All-1 ^ 

hl-db#l|l ■ ^l-a>|i (3-48) 

Ed • £dd fid Si'* (3-49) 

2dd ■ id £dd id* ^ Ed (3-30) 


?4d ■ iidd - Sdd fil ( fid* Bdd fid £d >~*£d*Sdd <3*SX) 

-3t|l ■ iOxjx.i + (fd)* Ed <Sdj * Sd* idi-A|t-l^ 

• hi|i.i + <id)* ( Idx^li • idi-A|t-l> 

fOi+i(i • id ldi|i (3-53) 

The following expression can be derived, and it U xaaful to aae tha 
average behaviour of tha total ayatea. 

* u fi*a • yd )*a { £*a - ya >l • »« S» l ♦ Sdd Sddl 

- 2 Tt( 2 k4 1 (3-54) 

8 ( a*Ea J • t»t &*& < &x - £« >1 ♦ * 2d*fc &d I 

* **t 2d*fid < Edd “ Edd » ^****> 
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•.jr- : o r.oct t‘ ' traco ^ ' -..tlon nnd Sjd 

cu. be c.t.'.in.u ../ tbo follcvU^ roXaciona: 

p:. ■ 0)0“ r , (♦")'*“ * f (2>o»-o w (i^)0« - 0 (j-56> 

Pid - Od)"*’ iAi (♦/)* ♦ f <♦<•>**'£<« Ho l3 Wo^)*'* <3-57) 

!•! 

Xdd • *d 2!dJ iS + Id “<! Td <’**®* 

- ( 1 - E Gx) Xxdid - E Gd 5dd Jd <3‘3’> 

*xx - < i - .1 £x Hicx - ?JxX 1 - r Sc )^ - r 5d 5 , 4 '' (5 - r Sx 

- ( i - c ) !,d Gd e”^ ^ E Sd < 5dd - Sdd ) 5d f 

♦ iPE-i’*w <3-w> 

Fir.. 3-1 shows the structure of the optimal Bystem, A more ditalled 
lllustrdclon in case of a laanual control problem will be given Xetec* 

To look at what can be predicted by the model let u» consider a 
verv si-!?le case. A plant la a pure integrator, and the bandwidth of a 
dealred trajectory la 4.0 rad/aec. First we asBune that v, v. and w do 
njt exist, tine delays are aero and the state variables of the plant 
and tne shaping illter are aeaaurable. Then optimal control la deterBioad 
by using X and instead of x and (no need to have eetimatore). 

Fig. 3-2 ahowa the effect oi preview on E(e*J and cost J for this 
We can ace that the preview beyond certain point (-10 in this easople) 
does not have nuci effect on J or Ele^). To sec the effect 
W • 0.0U07, V - Vj(o.0> - 0.>5, - 0,11* + 0,35 and V^(k,l) • 0(k#l) 

were assumed and Ete*J and J were calculated. We can aee that the 
improvccient by having preview la more cleat when noise exiete. In ^he 
graph the effect of oeasurc ent time delays (da*db*3) Is also shown, Ws 
can SCO that the preview also helps to make the increase in E(e ] or J 
due to tine deU.ys soall. Xbeae are all structural properties of 
opti. il preview control systcaa, and similar effects c» be expected in 
nanual preview experioents. 

IV , u-. pcrinent 

10 - . 

The experirent similar to one by Raid andiDrewell was performed to 
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look at the validity of the proposed node! qualitatively. It was the 
single degree of freedom manual preview experiaient, and Fig. 5-1 showa 
the configuration. 

In the figure, n (not u) is used to indicate the input to the 
controlled aystem. In tha next section, the reason will be given. 

As shown in the figure, both digital and analog computers were used. 

The digital eompurer waa used for three purposes: s desired trajectory 

(random signal) ganarator, a shift register for storing present and future 
desired outputs, and a data acquisition system. Everything was dona on 
line, vl)ieh dstermined tha time in which the computer could finish one 
cycle. The input end the output of the controlled system were eanpled 
once each cycle. In the following, each cooponent in the figure ie 
explained in detail. 

Display ; A CRT dlaplay with 5*' diameter waa used. The desired trajectory 
was displayed as a sequence of dots (100 pts, at the maximum) allowing 
subjects to have preview from 0 see. up to about 2,6 sec. The preview 
length was changed by changing tha number of dote which appeared on tha 
display. Tha trajectory moved froai right to left on the screen, and it 
was adjusted so that the length of the trajectory became about 2 1/4*' 
maximum preview caae (shorter fot less preview) and the range in vertical 
direction bacama about 2", 

The output of Che centrelled aysten was displayed by the dot on the 
same vertical line as ths lefehand side of the desired trajectory, and 
it was intfenslflad stronger than the desired trajectory eo that it was 
easily distinguished from the desired trajectory. The distance between 
aubjeet and display waa about 20". 

Dsslred Trajectory : Tho desired trajectory wee e raidom signal generated 

by the digital coaputer. The second order digital filter was driven by 
Geuasian white noise which wee also generated by the digital coaputer on 
line. By changing the coefficietitB of the digital filter, three klnde of 
trajectories with different bandwidth (o». • 1.5, 2.5, and 4.0 rad/sec. } 
were generated. ^ 

Controlled System. : Three kinds of plants were implemented on the analog 
computer. They were a pure in, tgrator (i), a daaq>ed first ordar system 
1 1 * 

^s^^' and a double integrator 1^>. 

Joystick ; The joystick used was a Model 435 Hand Control by Msesuranent 
System IHC* This stick snebled the subject to apply control just by the 
wrist or finger motion. The stick gain wae different for each plant, 
but was the eaae for all subjacta and all trajectories. 

Pets Acquisition : e, m and ? were calculated by the digital 

eompucer on line where t Indicates the time average of *. y, y., e and 
m were also recorded by the chert recorder. 
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. vt.M at *UT fterveU as subieqts. Each subject 

, 'iTViO’.^- o) ihTio pJunta and three 50 

Object* I ..‘o.;,h training for t^h .’ 

tcv exL'?tLM!''‘ncr«x?on~i.^a Uim w«. thr«* »i»ut*. following • 30 
second warfanr,-up period* 

"*“Ttt -* -“• >"<!“ “T" '■•’ 

«s»«itlal inprovorenta in olthor • or ■ . ... . ,* 

2) S«bJ.ct. fell into on. of tb. foU«-m» «- »* 

‘“ '“'‘ir'^rr-rr; ;u .. . 

in tracking the trajectory. 

11) n.gooa.= o»« 'TIJ; 

novlns W.V. form M • *^“?,J^J^Ltll^nr co*in«lon of tbo ptivUM 

3) Th. outpot of th. th.$*t.triookilig .t WO 

:^ri*J^\S.“critn".U^wSh th. britfitn... «« oontrollnd giving 
dlff.roit Intensity to two dots. i did eh. 

4) Lssmlng .**•'* *X^*md*i '*** SObjiet 2 did In th. otdst 

„pen»«.t in th. ord.r of 1 • 

a » 1 I i 

J i «d K Subject 3 did in th. order of p-, end , . 

® a*^2* s a 


V. Analysis of Data an d Diecuaeiwi 

~..i< I". ■“ •>••« •■•2 ‘"SS'S^ 51T.“Ju'iw‘«'” 

used in the analysis. 


i.ot. thst in (2-1) W^ • rw,^ ««> “*.t « in th. enperU-nt eetuslly 
represents -*w, where w.^ is the -otor noise with Blw.^1 - 0 »d 

Elv w 1 • W idd* 'Th®' *** 
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eI«M • bIuM + 

Tlie analysis of the experiment using this model was so far made for 
the case when the plant it a pura integrator. 

Tha difflcultias in fitting tha data by tha prasenc prtviat# nodal 
are that tha model has too mmy peranetars, and that tha dimeoalan of 
Kalman filtar equaclon for tha daalred trajectory becomaa larger aa the 
preview length incraaees. Tha following ptocadura was used in analysis. 

First sU equations Includici the plant ware written down in the 
diserata form with At • 0.0265, tdilch was supposed to be email enough 
to approximate tha eontinuoua pert in the experiment and also wee equal 
to the one computer cycle making it possible to maintain tha diaeraca 
part in tha axparimant in tha same form. 

Tina delays da end db were set equal to d, end it wae varied from 
0 to. 7, or equivalently from 0 aec. to about 0.1S6 sec. , 

As for tha determination of the strength of Mtor nolBe w^ and 
Observation noise v, we followed Kleinmsn at el t> get a tough idee. 
Since their formulas wsre for a eentinuoue system, some medificetion wae 
oeceeeary in case of a dieerete eyetem. After nsceeeery mediflcetioi. 


• BCw* 1 - 


yap 


- o:^ * *t.*j «-« 

(F^ ^.003, Py «• O.Ol were recommended by K l e l n ma n at el«) 

The determination of V. wae tha moat difflailt task, Tbafa 
no available data in tha past for nensaro pceviaw caaea, ao It was decided 
to simplify ee much as t>eeible. The first eMvmptlen made wee 

Blv^^(i)v^^(k)I - V^a>djj,^d^ (5-4) 


This choice dacraaaad tha mnd»ar of paroatara, but aelU it waa not 
deer how U) changes with 1. V^(t) could even h«ve difCareat velnac 

for differsnt preview length. Since theta was almost no doubt sbo ut ^ 
setting ^ preview case, we eat B J • V for seto preview 

ease. Baaed on this, the form V.U) • At* ♦ B wee eeeumed for t^ 
eeee and A was changed to fit date. This form of ^ 

unreasonebla since aa a dot la diaplayad further apart from tha dot 
tsprsssnting tha output of the eyetem both errors in vertical se n a a md 
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aour' u.il . .. incren:.; :ml the variance of the latter i» considered to 
1 to^orclca..! lo the s^^u.^re of the dlutancc between two 'dots. 

Several vaiu?s of R were Cried and C[e^] and E(u^) were eelculaCed 
b/ 0-53) and (3-54), There results together with (S-1) ware conpeted 
to Che experlir.cn tal data. 

Table 5-1 shows the values of parameters which gave us a good fitting* 
Ue do not claln that Tabic 5-1 shows the best or unique fitting, 

Ho<.'ever, it shows qualitatively Chat the proposed nodal Is re.* n«b*ep 
and it also explains what could be happening in manual prevleti' *rcl, 

1) One notable thing is that the tine delay In the model .a Kept 
to the sane value for all preview cases. This Is not unrealistic* 
Especially, it Is rather hard to believe that the time delay associated 
with Che output of Che plmc becomes smaller as the preview length 
inrreasesp since the new inforoatlon from looking ahead Is not about the 
pl.int but about the trajectory. The model demonstrates that the 

in; roversenc in performance can be actually done without changing the 
Clce delay. 

2) The welv’hcing R decreases as the preview length Increases. 

This implies tuat the bandwidth of the xoop composed of the plant and 
the suoject increases as ct e preview length increases, since a snail R 
ln(lies large feedback gairs in general* 

3) V, etc. In ch< table are larger than the values suggested 
by .^Ueinman et al. For aevo preview case, one reason Is supposed to be 
Che nature of the display used In Che experiment, which was aentloned 
earlier. 

4) Fitting was not done for the large ( 25 pt. or ( 0*7 sec)) 
preview eases because of the increase of the dimension of Kalman Filters* 
This does not Imply that the computation is impossible* But It takes s 
yery la^ce amount of computational time. It was mentioned before that 

P and ^ were not loproved essentially by the preview beyond 0.7 see. 

We can expect that the same kind of thing will be observed in Che model 
if parameters are sleeted properly. Basically there are two reasons for 
this. The first reason is that human can not make Che bandwidth of the 
loop infinite, which implies ^hat R has some lower bowid* The second 
reason Is chat In large preview cases the desired trajectory seems to be 
divided into two parts if vc asstuse that human does not move his eyes 
left and rlzhc; one is a fovaal region and. the other le a peripheral 
region. The neighborhood of the vertical line where the output of the 
plant is displayed is Che foveal reclon and the reet Is the peripheral 
region. The observation noise for the peripheral region Is supposed to 
be much lar^’er chai tnat for the foveal region and there must be soomi 
point in Che psrlpacral re<>ion beyond which subject cannot get any 
esseocial information. Tnis Irplics that there exists some llodt in the 
quality of the escitaacor for the desired trajectory* If these are true, 

: [eM and C[m^) will be also lower bounded In the model* 

♦ 
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VI. Conc lusion ond Further Research 

In this paper, a model was developed for the preview control problem 
using tho discrete stochastic control theory* ThooreClcally It would be 
Interesting to extend the present theory to continuous problems* <hte 
way CO solve such problems would be to taka the limit of the present 
solution for the discrete system* 

A nsnual preview control experiment was performed , and It was shown 
that the proposed model could explain the experimental data. It would also 
be Interesting to give Che frequency dos»ln Interpretation to the developed 
model. Intuitively speaking. It can bs expected that as tbs preview 
length Increases Y(jw)/T .(ju)*»l for Che frequency w lower than Che 
bandwidth of the closed loop part of tho total syetem* 

The display used in the experiment broujdit in come problem confuelng 
ebbjeees* Apert from the theory, the design of better preview display 
would be interesting* 
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Fig. 2-1 System to be considered 



Fig. 2-2 Desired Trajectory 
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Fig. 2-4 Relaticn between Plant* Shaping Filter and Sdbeerlpt 
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Fig. 4-1 Coot Igurat loo of Manuol Prt»l«« e*p*riaeat 


Flgo 4-2-a Exper^jnental Results 





Fig. 5*1 Manual Prevlaw Coneto" Mndei 
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Dunber of subject $b shown before his performance. 

^ Table 5-1 Fitting of Pc'-ameters 
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